The high-rise residential buildings of China will soon need retrofitting and any such retrofitting should include consideration of new energy saving methods and 'green' technologies. A research agenda is needed to meet this challenge. This paper presents a research agenda for the 'green' retrofitting of residential buildings. The agenda is based on the input of 25 national and international experts which was produced by a novel methodology specifically designed to discuss the key questions relating to the retrofitting of residential buildings. This methodology, based on Problem Tree Analysis, proved an effective method of producing an agenda for the research that is needed to facilitate such change. The research needs are presented under six headings. Stages for undertaking the research activities under each of these headings have been identified. The agenda highlights that the challenge of retrofitting is holistic and includes not just engineering and construction actions but economic, social and governmental requirements. Key aspects of the research agenda include the need for better macro-economic and micro-economic models and a better understanding of people's needs and expectations. These topics are discussed together with recent research findings both from China and other countries.
Introduction
The pace of change in the towns and cities of China has been rapid. Between 1980 and 2014 China's economic success has resulted in the growth of the urban population from 191 million to 749 million [1] . Such an increase is unprecedented in modern times. In only 30 years the level of urbanization has risen from 20% to today's 54%. By 2030 it is estimated that Chinese cities will be home to about 1 billion people, approximately 70% of the country's population. Despite the current slow-down in the Chinese economy urbanization and the movement of the people to the cities will continue: urbanization is the main enabler for the reduction of poverty and is the basis of the country's development potential [2] .
Notwithstanding the challenge of constructing new buildings to new energy standards there is now increasing recognition in China that the high cost of demolishing and rebuilding existing buildings means that consideration must now be given to refurbishment and retrofitting. (In China the commonly accepted term is 'reconstruction'.) Where existing buildings need to be reconstructed a reduction in operational energy requirements is a priority. This applies to all building types: government buildings, public buildings, (commercial and retail buildings), and residential buildings. Residential apartments in China are usually acquired with leases of between 50 and 70 years' duration. If these buildings are to last anywhere near this timespan they are likely to require major retrofitting at least once in their lifetime if they are not to deteriorate to a state which will make them un-inhabitable long before their anticipated end of life. Previous research, [7] [8] has shown that retrofitting is not just a technical issue but a socio-economic issue. The authors of this paper were unaware of any holistic research agenda for the retrofitting of residential buildings in China. This was the impetus for their research.
Retrofitting may be undertaken at several levels: a light touch or renewal; medium intervention; extensive intervention; comprehensive refurbishment; and demolition [9] . The action required at any point in the building's life-time will depend upon the performance and the condition of the building. Extensive intervention requires the full replacement of some parts of the building, building-fabric changes, plus re-modelling building services to meet current building standards and 'future proofing' the building for the next 20-25 years. Whilst not always the primary reason for retrofitting, any retrofitting should include full consideration and renewal of the energy systems for the building. This may be termed 'deep energy retrofitting'. With deep energy retrofitting the entire fabric and conventional systems of the building have to be evaluated, redesigned and reconstructed in an integrated way. Airtightness of the building envelope is imperative if substantial energy savings are to be made [10] .
Achieving this level of performance on existing buildings is not easy [10] . This will be a major challenge for the construction industry in China, an industry that has up to this moment in time been predominantly focused on the construction of new buildings. New technologies, new skills and new business processes will need to be developed. Given the need for reducing carbon dioxide output and reducing the impact of the construction industry it is considered that any discussion should be based on a low-carbon or Green Building construction approach [11] . This approach, also known as Sustainable Building includes consideration of durability; the energy required for heating; the energy required for cooling; the potential for using renewable energy; impact on daylight; environmental impact; indoor air quality and acoustics; structural stability, fire safety; aesthetic quality; effect on cultural heritage; life-cycle cost; need for ongoing care and maintenance; disturbance to tenants and the site; buildability, etc. [12] .
What are the requirements for the low-energy, 'green' retrofitting of high-rise residential buildings in China? To discuss these requirements a workshop meeting of international experts was held in the city of Chongqing China. To ensure that their thinking was grounded in the context of China the meeting also included experts from the city of Chongqing and other parts of China. Other senior national and regional government officials and industry representatives provided contextual information to assist the experts' discussions. The aim of the workshop was to develop a research agenda for the green retrofitting of residential buildings in China. The objectives were: to identify the problems of retrofitting residential buildings their causes and their effects; to propose a framework of research objectives; and to provide a basis for reviewing existing research and identifying new research questions and new research projects. This paper describes the methodology used at the workshop event and key aspects from the findings that now provide a research agenda for retrofitting residential buildings in China. The findings from the workshop are presented and discussed in the context of other recent research. The paper is designed to direct future research initiatives required to establish new policy and confirm or amend existing policies.
RESEARCH METHOD
The research method was based on workshop exercises and the subsequent discussions undertaken by the selected group of experts. These expert researchers worked in groups to a structured methodology designed to identify the problems relating to retrofitting residential buildings together with their related causes and effects. From these data it was then possible to develop a series of research objectives. The objectives were presented in the form of an Objective Tree, a framework of research topics.
This methodology was based on the established technique commonly known as Problem Tree Analysis, a participatory tool for mapping out main problems, along with their causes and effects, supporting project planners to identify clear and manageable goals and the strategy of how to achieve them [13] . It is a proven approach to problem solving in business organisations, frequently used for strategic planning. It has been used by the authors for strategic planning with both small groups e.g. 10 people and large groups e.g. 150 people. The methodology ensures a holistic approach to the problem and seeks a wide perspective on all the issues relating to a topic and how they relate to one another. The authors consider it is ideally suited to discussing the complex inter-linked problems of the built environment. Its use in the context of establishing a research agenda is not common but the authors consider [4] the approach to be a powerful tool that can establish consensus on research problems and then develop research objectives much faster than other traditional methods such as interviewing, surveys, use of the Delphi technique etc. [14] .
All the researchers at the workshop were experts in topics relating to low carbon, energy saving, green building. Attendance for the meeting was by invitation only. There were 18 'core members' of the group. Of these all had degree or equivalent qualifications and were members of professional institutions or associations. Seventeen had PhDs. in related topics. Eleven were Professors at leading academic institutions. The group was carefully selected on the basis the group would have a wide range of knowledge and not be biased towards any specific solution or approach to the problems to be discussed. In addition to the 'core' members there were some 7 other experts who attended for part of the meeting to contribute to specific discussions by providing contextual information e.g. climate change issues and the effects of the urbanisation. All the attendees could be considered 'stakeholders' in the sustainable built environment. They included: Architects; Building Scientists; an Economist, Construction Management experts; a Designer; a Materials Scientist; and government and industry representatives. They came from UK, Holland, Germany, Australia, South America, China, and Hong Kong. Careful selection of the experts ensured a multi-disciplinary approach to the problem.
The method followed a structured linear process that comprised eight stages. Each stage had specific actions: Preparation for the Workshop; the Provision of Contextual Information; Problem Analysis; Identifying the Objectives; Consolidation of the Objectives into a Single Objective Tree; Prioritization of Problems; Impact Analysis; and a Review of Workshop Outcomes. This is shown diagrammatically in Figure 1 which includes the actions and outcomes from each stage.
In preparation for the workshop all attendees were provided with identical information about the problem and invited to produce a short statement of their background and expertise and how this could contribute to the discussion. On the afternoon before the workshop a site visit was made to typical apartment buildings to familiarize the group with the high-rise living environment of the city and the layout of typical apartments. This was followed by the group members, the majority of which were unknown to one another, sharing information on their backgrounds. The workshop then took place over the following two days.
There was a joint review of the aims, objectives of the workshop and the expectations of the attendees. For the Problem Analysis stage the members were split into two teams devised to ensure a balance of talent in each team. (These teams were designated Team Alpha and Team Beta.) A period of individual reflection on the problems was followed by a brainstorming session where each group member identified specific problems relating to the subject area: 'The green retrofitting of high-rise residential buildings'. These problems were 'posted' on a large wall chart and then reviewed by the experts working in groups. Where there was an overlap between the problems two or more problems were consolidated into a single problem. Each group spent time evaluating the problem statements they had identified. Detailed consideration was given to each problem, its causes and effects. The problems were extended, combined, considered and restated. This iterative process continued for several hours. Each group produced a 'Problem Tree' by grouping the related problems in areas and linking them together where appropriate. This task occupied all the first day of the workshop. Figure 2 shows the top level of the Problem Tree produced by one of the groups (Group Beta). Figure 3 gives a breakdown of one of the problem areas from this problem tree showing the level of detail discussed.
Figures 4, 5, and 6 show further details of specific topics. These include: understand typical occupant energy use behaviour now and that predicted in the future; developing an economic argument to demonstrate the value and enable the retrofitting of residential buildings; and Understanding of institutional and legal structure and its implications.
Prior to Identifying the Research Objectives, the 'Problem Trees' produced by each group were reviewed by the Leader and Facilitator. An alignment table showing the consensus views of the experts was produced. This was presented to the researchers at the start of the second day. (The groups had not until then been aware of the others' problem analysis.) After lengthy discussion and some amendments all the experts agreed that this combined table represented a good summary of the problems relating to the green retrofitting of high-rise residential buildings.
Then followed the production of the Objective Tree designed to produce a structured summary of the research initiatives required.
It was agreed to work directly from the core data and alignment table to develop the research objectives. The experts were divided into two new teams Team X and Team Y. Each of the combined Core Problems was assigned to a single team; Team X worked on Problems A, C and E, whilst Team Y worked on Problems B, D, and F. The derivation of the Objective Analysis gives a 'means to an ends' relationship between the original problem definition and the subsequent objectives development. It provides a basis for the definition of a programme of activities to address the problems and to check alignment of objectives with the problems. This Objective Tree development requires consensus for alignment of working and in this workshop these penultimate sessions produced really valuable dynamic working in parallel, ensuring all the original causes and effects were fully considered in deriving core objectives and coherent sub-objectives. The international experts assessed each problem in turn and discussed and debated how the problems should be re-worded as an objective. To assist the discussion a group of 15 young researchers were introduced to the discussions with the brief to question the group members on their derivation of the objectives. This promoted both valuable rethinking, consolidation and re-alignment of the objectives and an innovative learning exercise for the students.
After a three-hour period of active discussion and representation the overall Objective Tree, named the Objective Analysis, was presented for discussion and confirmation. To enable this important conclusion to be fully explored a decision was made by the facilitators to extend the period allowed for the production of the analysis and not to move to the prioritization and impact phases. (Given more time the international experts would have been asked to prioritise the objectives and sub-objectives through a simple personal review and voting process where [6] "value" is assigned to five coloured dots each which can be "spent" on those objectives which they consider a priority for action. This normally provides a useful steer for those charged with putting the plans into action in the Desktop Work phase of strategy development. A further exercise would have been to develop a strategic framework for action by completing an Impact Analysis for each objective. This is a useful way to create a programme of work and activities to address the workshop outcomes.)
In the last phase of the workshop there was an opportunity for all group members to discuss the key findings from the meeting. Both the findings from the workshop and the rationale behind these decisions were recorded. The Problem Trees and Objective Analysis produced by the group members were photographed to provide a permanent record. Discussion sessions were recorded on video and in audio format with contemporaneous notes to provide data to supplement the other data collected. Following the workshop meeting a draft report of the findings together with the data collected were to each expert who attended the workshop. This process took some two weeks. Each expert was given the opportunity to make factual amendments to the workshop report.
The final research objectives shown in the Objective Analysis were grouped under six main headings: overcome existing planning, design and construction limitations with respect to residential buildings; analyse the current situation in the city of Chongqing; develop an economic argument to demonstrate the value and enable the retrofitting of residential buildings; establish financial mechanisms and regulatory frameworks which shape refurbishment potential; design suitable Interventions that meet peoples' needs and promote a low energy life-style; policy decisions. They are summarized in Table 1 and presented as a research agenda to be read from vertically in each column from 1 to 7. Some are iterative processes. This Objective Analysis formed the research agenda.
The experts agreed that the technique of using problem tree analysis to produce a research agenda was a useful approach that generated new ideas and provided a structured way of providing a holistic approach to the subject area.
The research agenda produced in Table 1 is a high-level agenda that supports earlier research findings [7] that the problems relating to retrofitting are not simply technical problems but predominantly social and economic problems. It is worth noting that of the six headings within the agenda shown in Table 1 three are marked as iterative emphasising the need to continually re-visit the topics. (It could be argued that all six of the research themes require an iterative approach.) Table 1 is a framework for further analysis of the problems and the identification of specific research topics. The supporting information (see for example Figure 3 ) enables specific research questions to be identified. The exact nature of these research questions will be dependent on the type of residential building, the location and the climate type in that location plus detailed consideration of existing research findings. [7] Urbanization and retrofitting
DISCUSSION OF RESEARCH TOPICS
The experts recognized that China's continued economic growth is inexorably linked with urbanization. As urbanization and GDP growth continues the rate of energy consumption increases. This increase in energy demand is the result of increased wealth, changing lifestyles, increased consumer goods and rising expectations with respect to the availability of energy within the home and comfort. Greater expectations in thermal comfort result in more energy for heating in winter and more energy for cooling in summer. This is a particular issue in regions such as Chongqing where regional heating in winter is not permitted. This requirement is recognised by recently published research. See for example [15] .
China recognises the importance of Green Building and the Green Building Council of China has identified three stages of green building development in the country: Energy Efficiency Building (commenced in 1995); Green Building (commenced in 2005); and the Development of Green Eco-Districts (commenced in 2009). Urbanisation means the priority for Green Building remains with the design and construction of new buildings. [16] . This does not mean that retrofitting is being ignored.
On 17th March 2016, the Ministry of Housing and Urban-Rural Development issued its 13th
Five-Year Plan with proposed targets including promoting Green Buildings, building energy efficiency and the application of renewable energy in buildings. The plan for 2016 to 2020 recognizes that the rate of overall economic progress in China will change to a 'new normal' of between 6.5 and 7.0% per annum and refers directly to transforming the development pattern of cities, improving urban governance capacity and urban environmental quality, living quality and competitiveness, and striving to build a harmonious and liveable, vibrant, distinctive city [17] . Reconstruction of dilapidated buildings is a directly stated objective [2] . This commitment recognizes the importance of retrofitting and urban redevelopment and states that the proportion of Green Buildings in urban new buildings should exceed 50% by 2020. It also recognises the need to increase retrofitting of public and residential buildings. In 2017 the Ministry of Housing and Urban-Rural Development published its work plan for 2017. Experience from other countries has shown that the change of emphasis from new building to retrofitting will be more than simply a change of business focus, it will demand new construction skills and processes to be developed. (See for example [18] and [19] .) and Similarly, China needs to identify new skills and promote appropriate training programmes. This work has already commenced [20] .
Improving the quality of the building stock
Improving the quality of both new and existing building stock is considered essential. Rapid growth in the rate of new build residential housing inevitably leads to concerns about the quality of the building stock. Poor quality building stock is evidenced by poor design and poor construction that inevitably leads to the poor performance of the building envelope. These problems are widely recognized in China. An article that announced a new government 'green paper' on urbanization reported, 'Even as more than half of China's population lives in cities, China's urbanization drive has not given enough attention to quality through the years' [21] . [8] Whilst some residential buildings in China are of very high standard many are not. Poor quality housing stock means housing that will require retrofitting earlier in the lifespan of the building. Problems also result from the lack of occupation of apartments. When purchased, construction on new apartments in China is seldom 'finished' in the same way that homes are completed prior to sale in other parts of the world. Items such as wall finishes and flooring are usually left for the owner to complete on occupation. Many apartments are purchased simply as investments or for future use by family members, and are left empty for years. If not occupied and properly maintained they quickly deteriorate [22] .
The quality of construction depends on the development, publication and implementation of standards and regulations. This applies to both new construction and retrofitting. A comprehensive set of standards exists in China. These include the Assessment Standard for Green Building GB/T 50378-2014, [23] which applies to both new building and retrofitting. Such standards are produced at Government level but may be adapted at regional level to reflect local conditions. For example, in Chongqing the Chongqing Municipal Commission of Urban-Rural Development, announced the Design Standards on Public Building energy saving (green buildings) DBJ50-052-2016 which came into operation on 31th July 2016 [24] . Similarly, the Design Standards on Residential Building energy saving 65% (green buildings) DBJ50-071-2016 on 1st Nov 2016 [25] . As with all standards and regulations the challenge is with their implementation.
The need for economic models
There is a clear need for better energy modelling and macro and a micro economic models to assess retrofitting solutions. Macro-economic problems that need to be investigated include the home ownership model, the lack of freehold ownership, and the nature of high-rise residential buildings that result in a large number of individual owners occupying a single apartment in a high-rise building. The needs of all the stakeholders must be considered. The problem is exacerbated by micro-economic problems including the lack of an economic argument to demonstrate the value of refurbishment at an individual level and the absence of financial models to support the argument for refurbishing. Retrofitting solutions usually comprise a number of different technologies so there is a need to assess the expected energy saving and the economic benefits across a range of technical combinations. Recent research relating to economic models for retrofitting includes [26] [27] [28] [29] [30] and [31] .
Ma et al [31] review methodologies and the state-of-the art for retrofitting existing buildings. In terms of economic analysis, they note that the selection of retrofit measures is a trade-off between capital investment and benefits that can be achieved due to implementation of the retrofit measures. There are many studies related to economic analysis of building energy efficient measures. Remer and Nieto [32] identify that Net Present Value, (NPV), as the most typical technique for optimal building energy assessment among 25 techniques. Verbeeck and Hens [33] discuss the economic viability of different retrofit measures through the use of the NPV method. Peterson and Svendsen [34] use an economic optimisation method derived from [9] the NPV method to determine the most cost effective energy efficiency measures. Nikolaidis et al. [35] employ four economic analysis methods, i.e. NPV, IRR, BCR, and DPP, to analyse energy saving measures in common types of Greek buildings. Huber et al. [36] studied the weights of social, cultural and economic factors in the decision-making process for implementing retrofits measures in domestic buildings.
Teresa-Zubiaga [27] highlight potential energy savings by implementing different energy saving measures to enhance the building envelope. These are presented and calculated through transient simulations using TRNSYS software. Different energy saving measures are defined for the roof, facade and windows, and 64 combinations are simulated. The results, which are evaluated under economic and energy criteria, are assessed using the reference of thermal requirements. The results from studies such as these demonstrate that economic assessment techniques can identify the most cost effective retrofit measures. This in turns aids the decision support process in making an optimal design of building retrofits. However, there does not appear to be a clear consensus on the methods to be adopted. Wang et al [26] found that despite great efforts to implement retrofit techniques no stringent evaluation of the benefits of these techniques or their systematic design has been completed. They note that traditional evaluations have not taken into account the embodied energy and greenhouse gases emissions of different retrofit options. This omission leads to underestimation of the potential environmental benefits of modern retrofit techniques. They propose a novel hybrid approach that uses life cycle assessment (LCA) techniques and integrate both energy demand (net operational energy), primary energy (operational energy from energy mix to buildings) into evaluation criteria. Embodied energy (energy required to produce materials of retrofitting options) and embodied greenhouse gas emissions (upstream CO2 equivalent) are introduced as new measures in the evaluation criteria.
Pombo et al [28] argue that whilst the technologies for retrofitting are understood well methods of assessment need further research. They review the current state of the art confirming the need to apply a lifecycle approach in order to find the optimal retrofitting solutions, and to identify the real improvement potential of housing renovation. Life cycle cost methodologies are analysed by discussing the existing limitations, which they argue can be mitigated by sensitivity analysis. Their review of available methods shows that, whilst social impacts were addressed in a few studies, life cycle social assessment is seldom addressed.
Dall et al [29]
propose a methodology for evaluating the potential energy savings of retrofitting residential building stocks which considers both technological and economic constraints of the implementation of feasible energy efficiency measures. By detecting the characteristics of the building stock, they are able to assess which energy retrofit interventions are feasible from a technical, legal and economic point of view. A key difficulty is that the cost of refurbishment and the payback for the investment are not easy to quantify. The problems of evaluating the value secured by an investment are also difficult to quantify and assess. Similarly, there is a clear need for models to assess the high embedded energy of the resources used for construction and the monetary and low-carbon economics of demolition and re-build. Research such as that by Yip ae al, [37] , has examined the economic viability of Green Building design for new buildings. Similar studies need to be undertaken for the 'green' retrofitting of high-rise residential building. [10] The research agenda produced by the workshop and reported in this paper emphasises the need to identify and include in the economic models all the stakeholders concerned and identify incentives for investment, look at trials and projects. It is essential to evaluate the current situation with regard to ownership and funding.
It is not just economic models for the retrofitting technologies that are required. Sustainable business models also need to be produced for the construction companies who will undertake the work [30] . Traditional business models express the business logic of firms, they need to be extended to incorporate the 'triple bottom line', by embracing the economic, environmental and social dimensions. They first illustrate the state-of-the-art of business models for energy efficient retrofitting actions within the building field. Common business models are then described and compared in their main components, with an analysis of potentials and limitations.
Requirements of residents
Residents, whether they are owners or occupiers of buildings are important stakeholders and have a key role in the success of retrofitting. Minor refurbishments on apartments may be taken independently but deep retrofitting must be undertaken collectively. The failure of the 'Green Deal' initiative in the UK has been due to the lack of take up of the opportunities provided under the scheme by owners and occupiers of residential buildings. Put simply the 'Green Deal' was not seen as a 'good deal'. (See for example [38] and [39] .)
A study of homeowners' views on energy retrofits across four European countries: Denmark, Latvia, Portugal and Belgium highlighted that although these different areas are all covered by the same regulation [6] designed to promote the opportunities for energy retrofitting lack of retrofitting practice is a result of (amongst other reasons) lack of shared know-how and lack of common goals amongst the relevant actors [6] . Evidence from resident surveys in Hong Kong [40] where high-rise buildings dominate the residential housing market has shown that residents/owners are reluctant to invest in major retrofitting works.
There are similar experiences in China. Liu et al [41] state that 'public participation in energy saving retrofitting is often neglected' and that, in the three retrofitting projects they studied, 'residents' responses varied'. They argue that to improve the effectiveness of retrofitting living habits must change and this will only happen when residents' needs are given full attention. Li et al [42] highlight the importance of user habits in sustainable refurbishment, accepting that the application of all the measures they investigated 'depends on residents' awareness of sustainability rather than the technical issues'. Lo, [43] investigated the 'Warm Houses Programme' in Changchun, Northern China. The research showed that the retrofitting of existing housing stock is possible but thermal retrofitting alone is not enough to promote energy saving. Providing households with the means and incentives for energy saving is important. Building inhabitants 'should not be treated as an afterthought and it is important to consider how practices of everyday life and practices of building retrofitting are linked'.
Although the importance of residents as stakeholders to successful retrofitting is recognised there is no evidence that there is a strong widespread appetite for sustainable retrofitting amongst the general public in China or in any other nation. What are the policies and incentives that can effect a change? Whilst residents will willingly embrace simple energy saving refurbishments such as replacement lighting they are reluctant to make changes to the building envelope preferring to move to larger, newer, higher status residences. There is a lack of similar studies amongst the residents of high-rise buildings in mainland China but studies relating to the introduction of new, environmentally technologies have shown a reluctance to embrace such solutions without clear evidence of direct economic benefits and these savings underwritten by government. See for example: Li et al, [44] .
In the UK the challenges and opportunities of both funding and delivering housing refit on a community basis are detailed in the Joint Report produced by Arup and the institute of Sustainability [45] . The report finds that stakeholder engagement for community models needs to be extensive and involve a wide range of partners including tenant groups, social housing organisations and government. The main drivers for housing retrofit are comfort and/or improved asset values. Residents' perspectives are vital not only for initiating retrofitting but helping to ensure that the reconstructed building produce the energy savings envisaged [46] . Failure for reconstructed buildings to reach the levels of performance anticipated may be the result of changes in the behaviour of the residents that result in an even greater energy need. In the commercial sector, an analysis of the performance of new buildings constructed to 'green' standards showed that although certified buildings 'appear' to have an average actual performance above non-certified buildings in a number of cases, 'the actual performance may be significantly lower than standard forecasts' [47] . The following reasons are suggested for this gap between anticipated performance and actual performance: a difference in the use by occupants with standard forecasts, (in particular for the interior temperature and occupation duration); difficulties in the management and control of the technical installation; and the design or the development of the building and equipment that does not perform as well as expected once in place.
A review of pilot retrofitting projects for commercial buildings in China confirms that when retrofitting buildings, the energy savings are hard to assess and hard to verify [48] . There is no reason to belief that the situation will be any different with residential buildings. The changing energy needs of residents have attracted much research. Vivanco et al, [49] investigated the 'rebound effect', (where improvements in technological efficiency have induced increases in energy consumption), proposing and analysing mitigation strategies and policy pathways. Other studies highlight different aspects of user behaviour [48] have confirmed the importance of engaging residential energy customers' 'hearts and minds' and find that the most effective policies target behavioural, lifestyle and cultural factors to reduce energy consumption. They also found that cultural factors also have significant impact on residential energy demand.
Studies such as these support the experts' views at the workshop and highlight the need for extensive research into existing and prospective residential energy users' behaviour in China across all age groups and all backgrounds. It is essential to design suitable interventions that meet peoples' needs and promote a low energy life style. [12] China faces the challenge of retrofitting its high-rise residential buildings. This retrofitting needs to be both a 'deep energy retrofit' with the emphasis on saving energy consumption through green technologies and sustainable building processes. A methodology based on Problem Tree Analysis proved an effective method of analysing the problem and producing an agenda for the research that is needed to facilitate such change. This research agenda identifies research needs under six headings: overcoming existing planning, design and construction limitations with respect to residential buildings; analysing the current situation in the city under study; developing an economic argument to demonstrate the value of retrofitting and enable the retrofitting of residential buildings; establishing financial mechanisms and regulatory frameworks which determine retrofitting potential; designing suitable intervention that meets people's needs and promotes a low energy life-style; and implementing policy decisions. Stages for undertaking the research activities under each of these headings have been identified. The agenda highlights that the challenge of retrofitting is holistic and includes not just engineering and construction actions but economic, social and governmental requirements.
CONCLUSIONS AND RECOMMENDATIONS
Policy considerations are core to the successful retrofitting of residential buildings. New building developments remain the current focus of building in China but retrofitting is not ignored. China's recent 5-Year Plans have directed both the pace and focus of retrofitting. Since the start of the 13th 5 year plan in March 2016 reconstruction is set to increase. Improving the quality of both new and existing building stock is considered essential. There is a clear need for better energy modelling and macro and a micro economic models to assess retrofitting solutions.
Future energy consumption is highly dependent upon the lifestyle of the residents and policies need to be introduced to encourage energy saving and promote residential energy saving methods. Residents, whether they are owners or occupiers of buildings are important stakeholders and have a key role in the success of retrofitting. There is a clear need for extensive research into existing and prospective residential energy users' behaviour across all age groups and all backgrounds. It is essential to design suitable interventions that meet peoples' needs and promote a low energy life style. These actions will present different challenges to different cities in China depending upon their climatic region, their current programmes for high-rise residential building, and the data on building stock currently available. Different cities in different climatic regions will have different problems and different solutions. Figure 1 This exercise took some four hours of detailed discussion and review.
Figures and Tables

Prioritization of the Objectives
Prioritize the Objectives ( and Sub-Objectives ) by discussion amongst the experts of a simple voting process.
This task was not undertaken in the workshop. A decision was made to leave this task to 'local' experts.
7
Impact Analysis Develop a strategic framework for action by completing an Impact Analysis for each Objective. Create a programme of work and activities to address the workshop outcomes.
Review Workshop Outcomes and Report
Discuss the overall effectiveness of the workshop process. Produce a draft report and circulate for each expert to review and make factual amendments. Consolidate and make a final report.
The workshop report was produced by the Facilitator in conjunction with the Leader. 'Mindmap' software was used to model the data in the Problem Trees. [17] 
